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Background: A hemodialysis arteriovenous fistula (AVF) requires surgical modification in patients with cardiac overload
or dialysis access-associated steal syndrome (DASS). Creation of an artificial stenosis (banding) within the AVF may be
used, but this technique lacks the guidance of objective parameters. The aim of this pilot study was to identify indicators
that reflect AVF flow in dialysis patients with either access-related cardiac overload (CO) or DASS requiring corrective
surgery.
Methods: Patients underwent serial measurements of subclavian venous saturation (Satven), access flow (Flowus), and index
digital pressures (Pdig) during a corrective banding procedure.
Results: Data were obtained in 14 individuals (9 men; mean age, 53  6 years) during 16 studies (CO, n  8; DASS,
n  8). Before surgery, correlations between preoperative flow, Satven and Pdig were not significant. Stepwise banding of
the AVF altered Satven in both groups from a mean of 91%  1% (open AVF) to 84%  2% (closed AVF, P < .001). The
CO patients demonstrated a larger drop (–13%) compared with the DASS patients (4%). Values of Pdig increased from
68  9 to 90  9 mm Hg (P < .001), and both groups demonstrated a similar 23 mm Hg increase. In concert, the
digital brachial index also significantly improved in all patients from 0.60%  0.09% to 0.74%  0.10%. Linearity was
present between alterations in Flowus and Satven in all patients, but mostly in the CO patients (r2  0.96).
Conclusions: Stepwise banding of hemodialysis fistulas leads to dose-dependent decreases in flow and ipsilateral subclavian
venous saturation combined with augmented digital pressures in patients with cardiac overload and dialysis associated
steal syndrome. Intraoperative measurements of venous saturation and digital pressures may have the potential of guiding
surgical correction in these patients (J Vasc Surg 2007;45:968-73.)A hemodialysis arteriovenous fistula (AVF) seldom
causes severe regional or systemic hemodynamic disturbances.
Incidentally augmented access flows may lead to chronic
cardiac overload (CO).1,2 Dialysis access-associated steal syn-
drome (DASS) occurs when some AVFs steal blood from
peripheral portions of extremities, leading to hand isch-
emia.3,4 Eventually, such AVFs may have to be discon-
nected, requiring temporary alternative methods of dialysis
and additional surgical procedures. Surgery aimed at mod-
ifying a malfunctioning AVF, such as banding, is frequently
avoided or postponed because the indicators that may
guide such procedures appear to lack accuracy.5-10
Under physiologic conditions, arterial blood is associ-
ated with high concentrations of saturated hemoglobin in
contrast to venous blood. An AVF allows arterial blood to
flow into the venous vasculature; therefore, highly satu-
rated blood will mix downstream with venous blood of low
saturation (shunting). As a consequence, relatively high
values of saturation may be measured in the upper arm or
subclavian veins in the presence of an AVF. It may be
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968hypothesized that levels of venous saturation (Satven) are
thus related to AVF flow. The association between access
flow and venous saturation has not, to our knowledge, been
studied in hemodialysis patients.
DASS is characterized by a clinical syndrome including
pain, coldness, and hand ischemia. A range of indicators
possibly reflecting this condition has been studied, but only
low finger pressures (Pdig) and lower index digital temper-
atures were associated with DASS.11 A digital arm index
0.6 is associated with severe steal.12,13 One may assume
that alterations in digital pressures are related to changes in
access flow.9
The general goal of this pilot study was to identify
objective indicators that reflect AVF flow in dialysis patients
with access-related CO or DASS. The hypotheses formu-
lated were Satven in the ipsilateral subclavian vein is related
to access flow, and manipulating access flow will lead to
alterations in Pdig.
MATERIALS AND METHODS
Study population. This pilot study was performed
between January 2003 and April 2006 in the Maxima
Medical Center, Veldhoven, The Netherlands, a commu-
nity hospital of 865 beds in the southeastern part of The
Netherlands serving approximately 350,000 inhabitants.
The study has followed the Declaration of Helsinki for
ethical research on human subjects. The dialysis center
accommodates 90 hemodialysis patients. A total of 273
AV-access procedures was performed in this 3-year time
period.
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surements of blood flow and venous pressures as proposed
by National Kidney Foundation Kidney Disease Outcomes
Quality Initiative (DOQI).14 Access flow is measured in
duplicate every 2 months using standard two-needle dilu-
tion techniques (HD01, Transonic Systems Inc, New York,
NY).15
Patients were eligible for study if they were on long-
term hemodialysis (3 months). All were scheduled to
undergo corrective surgery because of CO or DASS, as
advised by their cardiologist or nephrologist, or both. They
could participate in the study if they met at least one of the
following criteria:
1. a consistently (3 measurements) high-output dialysis
AVF ( 2. 0 L/min), with or without cardiac symptom-
atology such as palpitations and cardiac failure;
2. debilitating ischemia of the dialysis hand.
They were informed on the nature of the study and con-
sented to its specifics. Patients were not studied if they
refused or if a language barrier was present.
Study protocol. Surgery was performed under gen-
eral anesthesia using etomidate and sufentanil for induc-
tion. After intubation facilitated by mivacurium, anesthesia
was maintained with sevoflurane, and a triple-lumen central
venous catheter (CVC) (Central Venous Oximetry Cathe-
ter with AMC Thromboshield, Edwards Lifesciences,
Irvine, Calif) was introduced in the ipsilateral subclavian
vein using a percutaneous puncturing technique. Catheter
positioning was such that only the most distal port was
located in the subclavian vein itself, allowing continuous
measurements of Satven reflecting true arm values without
jugular contributions. Correct CVC positioning was
Fig 1. Intraoperative view of a banding procedure. Flow is mea-
sured at the level of the upper arm by an ultrasound probe.
Narrowing of the arteriovenous fistula using a puller is performed
at the level of the anastomosis. The probe and the puller are both
held by a metal arm fixed to the operating table, allowing absence
of movement artefacts in an anesthetized patient.checked postoperatively by using a chest radiograph.A photoplethysmographic sensor was placed on volar
portions of the top of the ipsilateral index finger. An
inflatable cuff wrapped around the finger’s proximal part
allowed repetitive Pdig measurements (VasoGuard Nicolet,
8 Mhz, Scimed Ltd, Bristol, UK).
After arm and axillary disinfection, the arteriovenous
anastomosis was dissected, including its arterial and venous
portions. At least 10 cm downstream towards the axilla, an
additional 1.5-cm incision allowed the dissection of a sec-
ond portion of the upper arm cephalic or basilic vein. The
space between vein and a 4-mm to 8-mm probe was filled
with acoustic gel. This site was then used for online access
flow measurements using an ultrasonic transit time tech-
nique (HT 313, Transonic Systems Inc, New York, NY).
Measurements were only performed if a stable signal was
achieved with 90% accuracy, as advised by Transonic.
After a 5-minute equilibration period, a 5-mmwide flat
woven polyester band (Mersilene, Johnson & Johnson,
Hamburg, Germany) was loosely wrapped around the ve-
nous portion 2 cm from the arteriovenous anastomosis.
Both ends of the band were positioned into a specially
designed metal pulling mechanism (Fig 1). By the clock-
wise turning of a wheel attached on top of this puller, the
band progressively narrowed the venous portion of the
arteriovenous anastomosis (banding). A metal rod fixed to
the operation table, holding both the puller and the ultra-
sonic flow probe, guaranteed a stable measuring system in
the absence of movement artefacts (Fig 2). All banding
procedures were performed by one surgeon (M. S.). Mon-
itoring of vital signs including blood pressure, heart fre-
quency, ventilation, and contralateral digital saturation was
left to the discretion of one anesthesiologist (M. L.).
Definitions and measurement protocol. Access flow
as measured preoperatively by a dilution technique in the
dialysis ward is expressed in liters per minute and is termed
Fig 2. Constriction of the arteriovenous fistula with a 5-mm flat
woven polyester band occurs by the clockwise turning of a wheel
mounted on top of a specially designed metal puller. This experi-
mental design allows a detailed study of the correlation between
arteriovenous fistula flow, venous saturation, and digital pressures.Flowpre-op. The upper limit of Flowpre-op is 4 L/min as
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access flow measured by a flow probe using ultrasound
transit time methods is termed Flowus. Digital pressures
(Pdig) are expressed in mm Hg. A digital brachial index
(DBI) was calculated as the ratio of Pdig to intraoperative
systolic blood pressure.
To study the effects of stepwise narrowing of the band,
a maximal stable value of Flowus was determined at the
beginning of the operation and was arbitrarily set at 100%.
Constriction of the band was performed in 25% decrements
in Flowus as depicted by the online flow meter. Associated
alterations in Satven and Pdig at these time points were
tabulated.
Statistical analysis. The data of Satven as a function of
Flowpre-op were fitted using a least-squares fitting algo-
rithm, and the Pearson correlation coefficient was calcu-
lated using SPSS 12.0.1 statistical software (SPSS Inc,
Chicago, Ill). A Student t test was used to determine
whether a trend was significant. This method was also
performed to determine the significance of group differ-
ences in Satven afater stepwise banding. The paired t test
was used to evaluate differences between open and closed
AVF in Satven, Pdig, and DBI. Results are expressed
as mean  standard error of the mean. P  .05 was
considered significant.
RESULTS
Fifteen patients were eligible for study, but one patient
refused surgery for personal reasons. Two patients were
studied twice (recurrent high output after 27 months in 1;
malpositioning of the CVC in 1). Data thus reflect 16
studies in 14 different individuals (CO, n  8; DASS, n 
8). Characteristics of the study population are summarized
in the Table. Two patients with DASS had diabetes melli-
tus. Flowpre-op was significantly higher in the CO group
compared with the DASS patients (3.214 vs 1.784 L/min,
P  .05).
Flowpre-op in two DASS patients was not obtained
because of a short dialysis segment precluding positioning
of two needles. Two patients did not receive a CVC because
high venous pressures in grossly dilated veins were thought
Table. Characteristics of the study population*
CO (n  8) DASS (n  8)
M/F 3/5 7/1
Age 51  8 55  8
Diabetes mellitus (n) 0 2
Flowpre-op (mL/min) 3214  260 1784  258
†
Gracz (n) 6 5
Basilic transposition (n) 2 2
Ulnar-basilic transposition (n) 0 1
CO, Cardiac overload; DASS, dialysis access-associated steal syndrome;
Flowpre-op, preoperatively measured access flow; Gracz, elbow fistula.
*Sixteen studies were performed in 14 individuals. Patients with CO dis-
played a larger access flow compared with the DASS patients.
†P  .05 vs cardiac overload (CO).an absolute contraindication for safe introduction and re-moval. In one patient, the CVC was positioned incorrectly
according to the postoperative chest radiograph, and his
values of Satven were omitted. Values of Satven were thus
available in 13 studies (CO, n  6; DASS, n  7). No
complications were associated with CVC introduction and
removal. Measurements of Flowus were performed in all 16
studies. Determinations of Pdig were introduced at a later
stage of the study and were available in a portion of the
patients (CO, n  5; DASS, n  6).
Themean preoperative systolic blood pressure in awake
patients was 148 8mmHg in the CO patients and 156
20 mm Hg in the DASS group (NS). In contrast, intraop-
erative blood pressure during general anesthesia was only
106  9 and 97  6 mm Hg, respectively. Correlations
between Flowpre-op (or Flowus), Satven, and Pdig just before
banding were not significant in CO (r  0.11) or DASS
patients (r  0.50, all NS). In contrast, magnitudes of
Flowpre-op and Flowus were significantly correlated (r 
0.60, P  .05).
Stepwise banding of the AVF significantly changed
Satven in all patients. Values in patients with COdropped by
13% (93%  2% [100% open AVF] vs 80  3% [closed
AVF], P  .05, Fig 3). However, the fall in Satven in
patients with DASS was significantly smaller at4% (88%
1% vs 84%  2%, P  .05). In contrast, stepwise banding
increased Pdig in patients with CO from 79  13 mm Hg
(100% open AVF) to 102  9 mm Hg (closed AVF, P 
.02). A similar increase of 23 mm Hg was observed in
patients with DASS (58 12 to 81 13mmHg; P .01)
In concert, DBI improved from 0.75% 0.09% to 0.89%
0.09%) in patients with CO, and from 0.54%  0.08% to
0.74%  0.11% in patients with DASS (both P  .05;
Fig 3. The fall of venous saturation (Satven) in patients with
cardiac overload was significantly (P  .05) more pronounced
compared with patients with dialysis access-associated steal syn-
drome. Data are presented as means standard error of the mean.
AVF, Arteriovenous fistula.Fig 4). The magnitude of changes in access flow and Satven
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0.96, Fig 5).
At the end of the banding procedure, access flow in
patients with CO was still significantly lower (P  .01)
compared with prebanding values (Flowus,68% 3%) as
well as in patients with DASS (Flowus, 56%  7%). A
decrease in venous saturations was also present in both
groups (CO Satven, 40%  7%, P  .05; DASS Satven,
49% 17%). Moreover, Pdig and DBI had also increased
significantly (P .05) in patients with DASS (Pdig, 58 12
to 74 13 mmHg; DBI, 0.54 0.08 to 0.72 0.10). In
patients with CO, Pdig rose from 79  13 to 96  13 mm
Hg, and DBI rose from 0.70  0.09 to 0.83  0.09.
DISCUSSION
Vascular surgeons are reluctant to perform surgery on
an AVF in the presence of CO or hand ischemia (DASS).
This hesitance may be partly related to the paucity of useful
intraoperative guidelines for such corrective procedures.
This approach is generally incorrect, because persisting CO
leads to increased mortality in the presence of a high-
output AVF. Disconnection of an AVF in the presence of
CO or DASS is to be avoided at all times; therefore,
modifying inappropriate access flow with maintenance of
an adequate dialysis facility is the ultimate goal of any
surgical procedure. Surgeons need techniques that can be
used in the operating theater to achieve these goals. The
aim of the present study was to identify a set of objective
indicators that reflect AVF flow in patients with access
related CO or DASS.
Several authors have studied the feasibility of intraop-
Fig 4. Stepwise banding resulted in a similar increase in digital
brachial index (DBI) in both cardiac overload (CO) and patients
with dialysis access-associated steal syndrome (DASS) syndrome
patients. Data are presented as means  standard error of the
mean.erative monitoring techniques that can be used to correcthigh-output AVFs or DASS. Duplex ultrasound monitor-
ing of access flow or the bilateral subclavian arterial vascu-
lature, or both, aided in reducing flow in some patients.5,6
Others have successfully used digital oxygen saturation,
angiodynography, photoplethysmography, or pulse vol-
ume recordings in the treatment of patients with DASS.7-10
In general, most of these studies report on just a single
aspect of the dysfunctioning AVF in relatively small groups
of patients. Suboptimal reproducibility and limited accu-
racy hamper a substantial portion of the reported tech-
niques, and therefore, none of these intraoperative meth-
ods can be claimed as a gold standard for guiding corrective
surgery.
Augmented fistula flows are intrinsically characterized
by increased shunting of highly saturated arterial blood into
the arm’s venous vasculature. Values of central venous
saturation may therefore be higher in patients harboring an
AVF when compared with healthy individuals. Central
venous saturation in resting healthy subjects in one study
was 75% (range, 69% to 78%).16 In contrast, mean satura-
tion in our anesthetized dialysis patients (either CO or
DASS) was much higher, with an open AVF (mean, 91%),
and even with a closed AVF (mean, 84%).
High levels of venous saturation in dialysis patients may
be explained in several ways. The presence of an arterio-
venous connection initially results in a locoregional hyper-
dynamic state, which is followed later on by compensatory
adjustments in the cardiopulmonary system. Arterial struc-
tures in the arm will develop signs of hypertrophy, includ-
ing increased vessel diameter, aimed at facilitating aug-
mented arm flow.
Conversely, most dialysis patients do not use their
shunt arms as intensively as the contralateral arm. General
Fig 5. Correlation between alterations in venous saturation
(Satven) and access flow in patients with cardiac overload. The
changes in flow are linearly related to changes in Satven. Data are
presented as means  standard error of the mean.anesthesiology, moreover, is known for intensifying already
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saturation levels in dialysis arms in this study are probably
the combined result of a hyperdynamic state associated
with low oxygen extraction rates owing to inactivity and
general anesthesiology. The largest drop in venous satura-
tion after AVF clamping was found in CO patients, and this
large fall is reflective of their hyperdynamic state.
Saturation levels in the subclavian vein were hypothe-
sized to be related to volume of access flow; however, the
correlation between preoperative access flow and venous
saturation in the subclavian vein at the start of the operation
appeared not significant. This absence may be due to inter-
individual variation in cardiopulmonary function, blood
pressure, peripheral vasculature, blood viscosity, and AVF
flow. The use of an anesthetized individual as his or her own
control (absent interindividual variability) allows detailed
study of access flow, digital pressures, and venous satura-
tion. Stepwise reduction of AVF flow resulted in significant
alterations in saturation in the ipsilateral subclavian vein;
moreover, linearity was present between these indicators in
patients with CO. This correlation was less obvious in
DASS patient, where the influence of confounding factors,
as mentioned earlier (eg, blood pressure), may be more
prominent and may interfere with the correlation between
flow and saturation.
Continuous measurement of central venous saturation
during banding requires the insertion of a CVC. The use of
these catheters is not advised by DOQI14 because of the
potential risk of venous stenosis and thrombosis. We ob-
served no complications associated with a temporary
3-hour use of these catheters. Long-term complications are
also thought negligible. For instance, there were no differ-
ences in patency of AVFs up to 4 years between patients
with and without a temporary CVC.17 It is probably safe to
use such temporary catheters because they may potentially
aid in banding procedures that are required for reducing
cardiac overload.
Some authors have advised the intraoperative use of
digital photoplethysmography as a monitoring technique
during banding procedures in stealing grafts. The AVFs
were narrowed until a DBI of 0.6 or an absolute pressure of
50 mm Hg was obtained.9 An almost linear relation was
present between radial artery pressures and stricture length
of the AVF vein during a surgically created stenosis of a
transposed basilic AVF vein.18 In our study, digital pres-
sures and DBI also increased after banding. The findings
indicate that alterations in finger pressures, possibly in
concert with alterations in Satven, may be useful in modify-
ing stealing AVF’s. A randomized trial should clarify
whether modifying AVFs using this approach is as effective
as other techniques, including the distal revascularization
interval-ligation technique.19
Are intraoperative flow measurements needed for cor-
rective surgery in patients with CO or DASS? The physician
first has to decide which of these two clinical conditions
prevails in his patient. If CO is dominant, intraoperative
alterations in venous saturation and access flow may both
help in modifying access flow because they appear interre-lated in these patients. If steal is dominant, one may use
alterations in intraoperatively measured access flow as a
basis for pushing the DBI 0.6. Irrespective of the indica-
tion for correction (CO or DASS), access flow at the end of
the procedure must always remain above its thrombotic
threshold level.
CONCLUSION
Narrowing an AVF during a banding procedure in
patients with cardiac overload or digital ischemia leads to a
dose-dependent decrease in flow and venous saturation,
whereas digital pressures increase. Alterations in these pa-
rameters have the potential of guiding surgical correction
of dysfunctioning AVFs in hemodialysis.
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